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Zinc deﬁciencyAbstract The purpose of the experiments was to evaluate zinc (Zn) fertilization effect on growth,
yield and yield components of corn silage grown on a sandy soil under ﬁeld and outdoor container
conditions. Six rates of Zn supply (0 or control; 1.5; 3; 5; 10 and 50 mg kg1) were tested. They were
split at three different times during the growing season: (i) 50% immediately after sowing, (ii) 25%
at 4–5 leaf stage and (iii) 25% at 8–9 leaf stage. These Zn rates were applied to the soil surface as a
solution of Zn sulfate (ZnSO4Æ7H2O). Zn deﬁciency symptoms appeared at an earlier stage (4–5 leaf
stage) as white stripes between the midrib and the margin of leaves for a Zn rate below or equal to
5 mg kg1. Severity of these symptoms manifested more in container than in ﬁeld. For both exper-
iments, Zn supply induced a signiﬁcant increase in stem height and leaf area. Furthermore, in both
experiments, control plants showed a notable delay in achieving anthesis, silking, pollination and
kernels maturity. The maximum shoot dry weight at harvest was recorded with Zn supply of
5 mg kg1 in ﬁeld experiment and 10 mg kg1 in containers experiment. The shoot dry weight
was especially linked to kernels dry weight. This latter was mainly enhanced through two
compounds: 1000 kernels dry weight and pollination rate. On the other hand, outdoor container
results can be used to help predict ﬁeld plant responses to Zn except for control treatment.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Zinc (Zn) is one of the most important micronutrients for
growth and development of higher plants. It is involved in
completing many vital physiological functions such as protein
synthesis, energy production and maintenance of membrane
integrity (Hansch and Mendel, 2009). Zn deﬁciency is a world-
wide nutritional constraint for crop production, especiallyner con-
2 S. Drissi et al.cereals (Cakmak, 2008). Maize (Zea mays L.) is known to be
very sensitive to Zn deﬁciency (Lindsay and Norvell, 1977;
Gupta et al., 2008). This deﬁciency commonly occurs in
calcareous soils, saline soils, highly weathered soils and sandy
soils (Bhupinder et al., 2005). Sandy soils of Loukkos perime-
ter (North-West of Morocco) are naturally poor in Zn, and
corn silage has shown clear Zn deﬁciency symptoms. These
symptoms appeared as white stripes between the midrib and
the margin of leaves, accompanied by an obvious decline in
plant height and in silage yield. An adequate Zn fertilization
is known to enhance crop productivity (Cakmak, 2008). In this
regard, Lindsay and Norvell (1977) recommended a soil Zn
content of 0.8 mg kg1 (DTPA extraction) as a critical level
for corn production. Van Biljon et al. (2010) established the
amount of 3.8 mg kg1 (0.1 M HCl extraction) as a Zn opti-
mum content on sandy soil for corn production. However,
Zn can also be toxic when it is present in excess. In this regard,
Takkar and Mann (1978) found a decline in maize dry weight
under soil Zn content higher than 11 mg kg1 (DTPA extrac-
tion) despite the absence of toxicity symptoms on plants.
Unfortunately, investigations into the importance of Zn
fertilization in corn silage production did not receive much
attention neither in Morocco nor in other countries of North
Africa. Such investigations can be conducted in ﬁeld or in
container trials. Field experiment correlates closely to real
conditions. But, it demands large space, high expenditures
and long time compared to a container trial. Research compar-
ing corn silage responses to Zn application under ﬁeld and
outdoor container conditions is scarce. Therefore, the present
study was undertaken in order to:
1. Evaluate growth, development and yield of corn silage
under different levels of soil Zn supply.
2. Establish an optimum rate of Zn to supply for corn silage
grown on sandy soil.
3. Compare Zn responses of corn silage under ﬁeld and
outdoor container conditions.2. Material and methods
2.1. Field experiment
2.1.1. Site description
The experiment was carried out on an agricultural farm
(Bassita II) located in Loukkos perimeter (34960N lat.,
6210W long., 60 m above the sea level, North West of
Morocco). This area has a maritime climate. During the grow-
ing season (July to October), the average maximum and min-
imum temperatures were 30 C and 25 C, respectively. Also,
a low precipitation rate (7 mm) was recorded during this
period.
2.1.2. Experimental soil
The soil was sandy (88.8% of sand, 7.5% of clay and 5.3% of
silt), not calcareous (0.1% of total CaCO3), and had a pH of
6.1 (soil/ H2O as 1/5) and a low electrical conductivity of
0.04 dS m1. It had a Zn content of 0.13 mg kg1 (DTPA
extraction) which was below the critical level of 0.8 mg kg1
(DTPA extraction) required for corn (Lindsay and Norvell,
1977). Phosphorus (P2O5 Olsen) was 49 mg kg
1 and
exchangeable potassium (K2O exch.) was 81 mg kg
1. ItPlease cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
ditions. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi.ocontained also 101; 17.4; 17.45 and 0.06 mg kg1 (DTPA
extraction) of magnesium (Mg), manganese (Mn), iron (Fe)
and copper (Cu), respectively, and low amount of organic
matter (0.4%).
2.1.3. Crop management and experimental design
Corn silage (cv. Panama) was seeded on July 13, 2011 in 0.5 m
double row spacing and 0.11 m seed distance to approximately
80,000 plants ha1. The experimental design was a randomized
complete block with ﬁve replications. The experimental plot
consisted of double 24 m length rows of plants. Six Zn levels
were tested (0 or control; 1.5; 3; 5; 10 and 50 mg kg1). Zn
sulfate (ZnSO4Æ7H2O, 22–23% of Zn) was used as source of
Zn. Zn fertilizer treatments were split at three different times
during the growing season: (i) 50% immediately after sowing,
(ii) 25% at 4–5 leaf stage and (iii) 25% at 8–9 leaf stage. In
order to distribute Zn treatments equally along the double
rows of the experimental plot, each Zn rate was dissolved in
a water volume of 16L. Then, this volume was regularly
applied to the soil surface between rows of plants using a
watering can. The soil was supplied during the growing season
with 371.6 kg ha1 of N as ammonium nitrate, 168.4 kg ha1
of P2O5 as di-ammonium phosphate (DAP), 300 kg ha
1 of
K2O as soluble potassium sulfate, 1.6 kg ha
1 of Mn as
manganese sulfate, 2.5 kg ha1 of Cu as copper sulfate and
2 kg ha1 of B as boron sulfate.
Each experimental plot was equipped with two drip lines
irrigation system using 1.2 L h1 emitters and 0.4 m as emitters
spacing. Watering was done whenever required throughout the
experiment. The total irrigation amount during growing
season was around 600 mm. Plots were hand weeded as often
as necessary. Pests mainly insects (Heliothis, Spodoptera and
Sesamia) were controlled by three applications of Indoxacarb
at three growth stages: 3–4, 4–5 and 7–8 leaf stages. Fungal
disease (Helminthosporium) was controlled by three applica-
tions of ﬂusilazole at 4–5 and 7–8 leaf stages and silking stage.
2.1.4. Measurements
Stem height and stem diameter were determined on ten ran-
domly chosen plants for each treatment’s replication at four
growth stages: 4–5, 5–6 and 8–9 leaf stages and harvest.
Every ten days, ten randomly chosen plants from each treat-
ment’s replication were visually scored for Zn deﬁciency using
a scale of 1–6: 1 = healthy plants without any visual symp-
toms of Zn deﬁciency, 2 = mild Zn deﬁciency, where pale lin-
ear green stripes began to appear between the midrib and the
margin of new leaves, 3 = less severe Zn deﬁciency, where
white stripes appeared between the midrib and the margin of
all leaves, 4 = severe Zn deﬁciency, where white bands
between the midrib and the margin of old leaves appeared,
5 = very severe Zn deﬁciency, where all leaves are small, and
show a white large area between the midrib and the margin
of leaves, 6 = dead plant due to very severe Zn deﬁciency
stress. The numbers of days from emergence to anthers emer-
gence, silking emergence and pollination were counted. We
considered that each one of these three growth stages was
reached only when 50% of plants attained any of them. The
harvest was done on October 13, 2011, approximately at a
shoot moisture content of 66%. Double 3 m rows, from each
experimental plot, were manually harvested by cutting plants
close to the soil surface. The fresh weights of harvestedL.) to zinc fertilization on a sandy soil under ﬁeld and outdoor container con-
rg/10.1016/j.jssas.2015.05.002
Response of corn silage (Zea mays L.) to zinc fertilization 3samples were measured. Afterward, a subsample of three
plants was taken and separated into stem, leaves and ear.
Plant’s parts were then oven dried at 90 C until constant
weight. One ear for each treatment’s replication was chosen
randomly to determine kernels yield compounds (number of
kernels, pollination rate, and 1000 kernels dry weight), cobs’
and husks’ dry matters and kernels’ moisture content.
Another randomly chosen plant per replication was divided
into three leaf layers (L1, L2 and L3): L1 = the fourth youngest
leaves, L2 = the fourth middle leaves and L3 = the fourth old-
est leaves. Thereafter, leaf area was determined for each leaf
layer using the formula (1) cited by Mokhtarpour et al. (2010):
Leaf area=layer ¼
X4
i¼1
ð‘i  wi  0:75Þ ð1Þ
where ‘, w and i are leaf length, leaf greatest width, and leaf
number for a given layer, respectively.2.1.5. Statistical analysis
Data were subjected to analysis of variance (ANOVA)
(P 6 0.05 level). Also, Student–Newman–Keuls test was
applied to test the difference among the various Zn treatments
(P 6 0.05 level). These statistical analyses were performed
using the SPSS software (Version 17.0).1
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(a) 4 -5 leaf stage2.2. Outdoor containers experiment
2.2.1. Site description, crop management and experimental
design
An outdoor experiment was carried out in containers quite
near to ﬁeld experiment at an agricultural farm (Mazaria)
using the same soil as for ﬁeld trial on July 6, 2011. A container
(0.42 m length, 0.25 m width and 0.16 m depth) was ﬁlled with
20 kg of air dried sandy soil. 6 seeds of maize (cv. Panama)
were sown in each container. Thinning was done four days
after emergence to keep one plant per container. The tested
Zn treatments were identical to those of the ﬁeld experiment
and were supplied at the same stages as in the ﬁeld trial.
Containers were irrigated up to ﬁeld capacity as often as
necessary. Each container was equipped with a leaching system
in order to retrieve and reuse the leaching solution. The total
irrigation amount recorded during the growing season ranged
from 500 mm, for Zn deﬁcient plants, to 600 mm for Zn
supplied plants. The other management practices were the
same as in the ﬁeld experiment.1
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Figure 1 Severity of Zn deﬁciency symptoms, during the
growing season, on corn plants supplied with different Zn levels.
Field (a) and outdoor containers (b) experiments.2.2.2. Measurements
Every ﬁve days, plants were scored using the same scale of
visual Zn deﬁciency symptoms as for ﬁeld trial. Stem height
and stem diameter were measured at the same growth stages
as in the ﬁeld experiment. Days from emergence to anthesis,
silking and pollination were counted. The harvest was done
on September 26, 2011 at the same shoot moisture content
as in the ﬁeld trial. The harvest parameters as for ﬁeld grown
plants were measured.
2.2.3. Statistical analysis
Data were subjected to the same statistical analysis as for the
ﬁeld experiment.Please cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
ditions. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi.o3. Results
3.1. Visual symptoms of Zn deﬁciency
For both experiments (ﬁeld and outdoor containers), the ﬁrst
visual symptoms of Zn deﬁciency began to appear approxi-
mately at an earlier stage (4–5 leaf stage) with Zn supply less
than or equal to 5 mg kg1 (Fig. 1a and b). In ﬁeld as well
as in outdoor containers, plants showed white stripes between
the midrib and the margin of all leaves. These symptoms
became mild as we increased Zn supply. At 8–9 leaf stage,
Zn treatments of 0; 1.5; 3 and 5 mg kg1 showed a clear ten-
dency for recovery from Zn stress. This recovery manifested
more and earlier in ﬁeld than in containers experiment.
From silking stage to harvest, all treatments, except for con-
trol, did not show any Zn deﬁciency symptoms. Also, control
plants growing in containers were severely stressed than those
in ﬁeld experiment (Fig. 1). On the other hand, no visual symp-
toms of Zn toxicity were observed even with high levels of Zn
supply (10 and 50 mg kg1).
3.2. Stem height
Control ﬁeld plants showed a signiﬁcant reduction in stem
height from 5 to 6 leaf stage. But, control container plants
responded in the same manner until 8–9 leaf stage. At harvest,
Zn supply of 5 mg kg1 in ﬁeld experiment and 1.5 mg kg1 in
containers experiment showed maximum stem height rises of
7% and 8.5%, respectively, compared to control. At this stage,
Zn supply higher than 5 mg kg1 in ﬁeld and higher than
1.5 mg kg1 in containers experiments had no signiﬁcant effect
on stem height. In addition, the plant height increase due to Zn
supply was signiﬁcantly more pronounced in ﬁeld than in
containers experiment (Table 1).L.) to zinc fertilization on a sandy soil under ﬁeld and outdoor container con-
rg/10.1016/j.jssas.2015.05.002
Table 1 Effect of Zn rate supply (mg kg1) on stem height (m) during the growing season in ﬁeld and outdoor container experiments.
Zn rate supply 0 1.5 3 5 10 50
Stem height
Field experiment
4–5 leaf stage 0.065bc 0.069abc 0.065c 0.072ab 0.074a 0.070abc
5–6 leaf stage 0.101c 0.119b 0.112bc 0.137a 0.131a 0.144a
8–9 leaf stage 0.219c 0.267b 0.260b 0.316a 0.300a 0.320a
Harvest 2.213c 2.291b 2.332b 2.367a 2.355a 2.353a
Outdoor container experiment
4–5 leaf stage 0.070b 0.089ab 0.010a 0.087ab 0.092ab 0.103a
5–6 leaf stage 0.111a 0.126a 0.150a 0.135a 0.143a 0.134a
8–9 leaf stage 0.204b 0.253a 0.254a 0.252a 0.246a 0.264a
Harvest 1.988b 2.160a 2.147a 2.150a 2.125a 2.117a
Different letters in the same line indicate signiﬁcant differences between Zn rates for a given leaf stage (at P 6 0.05), according to the Student–
Newman–Keuls test.
4 S. Drissi et al.3.3. Stem diameter
In ﬁeld experiment, Zn supply enhanced stem diameter signif-
icantly from 5 to 6 leaf stage. At harvest, an increase that
reaches almost 10.5% in stem diameter was recorded with
Zn supply up or equal to 1.5 mg kg1 compared to control
(Table 2). In containers experiment, stem diameter was not
signiﬁcantly affected by Zn fertilization.
3.4. Plant leaf area
Plant leaf area at harvest increased signiﬁcantly due to Zn
application. For both trials, only the bottom and the middle
leaf area layers were signiﬁcantly affected by Zn deﬁciency.
In addition, ﬁeld grown plants had high leaf area than
container (Table 3).
3.5. Days from emergence to anthesis, silking and pollination
For both experiments, the number of days from emergence to
anthesis, silking and pollination decreased slightly due to Zn
supply (Table 4). In ﬁeld experiment, control plots had delays
of 1.8; 3.8 and 4.4 days at anthesis, silking and pollination
respectively, compared to plots supplied with 5 mg kg1 ofTable 2 Effect of Zn rate supply (mg kg1) on stem diameter
(cm) in ﬁeld and outdoor container experiments.
Zn rate supply 0 1.5 3 5 10 50
Stem diameter
Field experiment
4–5 leaf stage 0.5a 0.5a 0.5a 0.5a 0.5a 0.5a
5–6 leaf stage 0.9c 1.1b 1.1b 1.2ab 1.2ab 1.3a
8–9 leaf stage 1.8c 2b 2b 2.2a 2.2a 2.2a
Harvest 1.9b 2.1a 2a 2.2a 2.1a 2.2a
Outdoor container experiment
4–5 leaf stage 0.9a 0.8a 0.9a 0.9a 0.9a 1.1a
5–6 leaf stage 1.4a 2.1a 1.4a 1.4a 1.5a 1.7a
8–9 leaf stage 1.9a 2.3a 2.3a 2.3a 2.2a 2.5a
Harvest 2.1a 2.2a 2.3a 2.4a 2.3a 2.3a
Different letters in the same line indicate signiﬁcant differences
between Zn rates for a given leaf stage (at P 6 0.05), according to
the Student–Newman–Keuls test.
Please cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
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pronounced and they were respectively 4.9; 6.7 and 8 days.
3.6. Kernels moisture content at harvest
As a maturity indicator, kernels moisture content was signiﬁ-
cantly reduced by Zn fertilization for both experiments
(Table 5). In ﬁeld conditions, the lowest moisture content of
kernels (36.9%) was recorded with a Zn supply of 50 mg kg1
compared to 40.2% for control. In containers experiment, the
lowest kernels moisture (35.9%) was recorded with Zn supply
of 10 mg kg1 compared to 50.7% for control. Also, results
showed no signiﬁcant difference in kernels moisture content
with Zn supply up or equal to 1.5 mg kg1 for both trials.
3.7. Shoot fresh weight
Shoot fresh weight, which is equivalent to silage yield,
increased signiﬁcantly with Zn fertilization for both trials. In
ﬁeld experiment, Zn supply of 5 mg kg1 induced the highest
increase of 32.6% compared to control. However, a clear
decline was noted with Zn supply higher than 5 mg kg1
(Fig. 2a). Results of the containers experiment showed that
all Zn supply treatments induced a signiﬁcant rise of 41.9%
compared to control (Fig. 2b).
3.8. Shoot dry weight and its partitioning
For both trials, application of Zn induced a signiﬁcant increase
of shoot dry weight compared to control. The highest increase
was recorded with Zn supply of 5 mg kg1 in ﬁeld experiment
(Fig. 3a) and with 10 mg kg1 in containers experiment
(Fig. 3d). The shoot dry matter partitioning analysis showed
that in containers experiment, dry weights of ear, stem and
leaves were all increased signiﬁcantly by Zn supply.
However, in ﬁeld experiment, only ear and leaves dry weights
were augmented (Fig. 3b and e).
3.9. Ear dry weight partitioning
In containers experiment, kernels and cob dry weights
responded signiﬁcantly to Zn fertilization. But, in ﬁeld experi-
ment only kernels dry weight increased signiﬁcantly by ZnL.) to zinc fertilization on a sandy soil under ﬁeld and outdoor container con-
rg/10.1016/j.jssas.2015.05.002
Table 3 Effect of Zn rate supply (mg kg1) on total leaf area (m2) and on leaf area layers at harvest in ﬁeld and outdoor container
experiments.
Zn rate supply 0 1.5 3 5 10 50
Field experiment
Total leaf area at harvest (m2 plant1)
0.400b 0.468ab 0.489ab 0.542a 0.519a 0.523a
Leaf area at harvest /layer (m2 leaf layer1)
L1 (Top) 0.094a 0.108a 0.130a 0.141a 0.145a 0.106a
L2 (Middle) 0.196b 0.225ab 0.228ab 0.256a 0.245a 0.247a
L3 (Bottom) 0.110b 0.135ab 0.131ab 0.145ab 0.129ab 0.170a
Outdoor container experiment
Total leaf area at harvest (m2 plant1)
0.327b 0.414a 0.432a 0.411a 0.429a 0.432a
Leaf area at harvest/layer (m2 leaf layer1)
L1(Top) 0.060a 0.061a 0.048a 0.055a 0.064a 0.058a
L2 (Middle) 0.217b 0.275a 0.285a 0.263a 0.273a 0.277a
L3(Bottom) 0.050b 0.078a 0.099a 0.093a 0.092a 0.097a
Different letters in the same line indicate signiﬁcant differences between Zn rates (at P 6 0.05), according to the Student–Newman–Keuls test.
Table 4 Effect of Zn rate supply (mg kg1) on number of days
from emergence to anthesis, silking and pollination stages in
ﬁeld and outdoor container experiments.
Zn rate supply 0 1.5 3 5 10 50
Field experiment
Days to anthesis 46 45 45 44.2 44.2 44.4
Days to silking 49.8 48.4 48 46 46.4 45.4
Days to pollination 64.8 61 60.8 60.4 58.6 56.8
Outdoor container experiment
Days to anthesis 52.7 47.6 47.5 47.8 46.5 47.2
Days to silking 57.5 50.4 50.2 50.8 49.2 49.4
Days to pollination 71.6 64.8 63.7 63.6 60.7 60.2
Table 5 Effect of Zn rate supply (mg kg1) on kernels
moisture content (%) at harvest in ﬁeld and outdoor container
experiments.
Zn rate supply 0 1.5 3 5 10 50
Kernels moisture content at harvest
Field
experiment
40.2b 39.8ab 38.4ab 38.2ab 38.9ab 36.9a
Outdoor
container
experiment
50.7b 40.6a 39.2a 38.6a 35.9a 37.2a
Different letters in the same line indicate signiﬁcant differences
between Zn rates for a given experiment (at P 6 0.05), according to
the Student–Newman–Keuls test.
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Figure 2 Effect of Zn rate supply (mg kg1) on shoot fresh
weight in ﬁeld experiment (a) and on fresh weight per plant at
harvest in containers experiment (b). Means with the same letters
were not signiﬁcantly different according to the Student–
Newman–Keuls test (at P 6 0.05). Vertical bars are standard
deviation.
Response of corn silage (Zea mays L.) to zinc fertilization 5supply. We recorded that a Zn supply of 5 mg kg1 raised ker-
nels dry weight in ﬁeld experiment by 39.4% compared to con-
trol. This increase, in containers experiment, reached almost
261.6% with Zn supply of 10 mg kg1 (Fig. 3c and f).
Furthermore, the kernels’ dry weight was severely depressed
by Zn deﬁciency more in container than in ﬁeld conditions.Please cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
ditions. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi.oOn the other hand, Fig. 4 shows that, except for control
container grown plants, ear accounted for approximately
66.4% in ﬁeld and 58.3% in container of the total shoot dry
weight (Fig. 4a and b). Also, kernels accounted for approxi-
mately 80.5% in ﬁeld and 72% in container of the ear dry
weight (Fig. 4c and d). Therefore, the decline of silage yieldL.) to zinc fertilization on a sandy soil under ﬁeld and outdoor container con-
rg/10.1016/j.jssas.2015.05.002
ba a a a a
b a a a a a
a a a a a a0
20
40
60
80
100
120
140
160
0 1.5 3 5 10 50
Kernels 
Cob
Husks
(f)
b
a a a a a
y = -0.20x2 + 11.7x + 217.15
r² = 0.51
0
50
100
150
200
250
300
350
0 1.5 3 5 10 50
(d)
b
a a a
a a
b
a a a a a
b a a a a a
0
20
40
60
80
100
120
140
160
180
200
0 1.5 3 5 10 50
Ear 
Stem 
Leaves 
(e)
b
a a a a a
y = -0.079x2 + 4.62x + 213.43
r² = 0.59
0
50
100
150
200
250
300
350
0 1.5 3 5 10 50
T
ot
al
 sh
oo
t d
ry
 
w
ei
gh
t (
g 
pl
an
t  
 )
-1
T
ot
al
 sh
oo
t d
ry
 
w
ei
gh
t (
g 
pl
an
t  
 )
-1
b
a ab a a
a
a a a a a a
b ab ab a ab ab
0
20
40
60
80
100
120
140
160
180
200
220
0 1.5 3 5 10 50
Pl
an
t d
ry
 w
ei
gh
t 
pa
rt
iti
on
in
g 
   
   
   
   
(g
 o
rg
an
  )-1
Pl
an
t d
ry
 w
ei
gh
t 
pa
rt
iti
on
in
g 
   
   
   
   
(g
 o
rg
an
  )-1
Zn rate supply (mg Kg   )-1 Zn rate supply (mg Kg   )-1
Zn rate supply (mg Kg   )-1Zn rate supply (mg Kg   )-1
Zn rate supply (mg Kg   )-1 Zn rate supply (mg Kg   )
-1
Ear
Stem
Leaves  
(b)
b
ab
ab
a ab ab
a a a a a a
a a a a a a0
20
40
60
80
100
120
140
160
0 1.5 3 5 10 50
E
ar
 d
ry
 w
ei
gh
t
co
m
po
ne
nt
s  
   
   
   
   
 
(g
  p
ar
t e
ar
  )  -1
E
ar
 d
ry
 w
ei
gh
t
co
m
po
ne
nt
s  
   
   
   
   
 
(g
  p
ar
t e
ar
  )  -1
Kernels
Cobs
Husks
(c)
(a)
y= -0.17x²+9.60x+112.42    r²=0.56        for  ear
y= -0.033x²+1.87x+78.79    r²=0.40        for  stem
y= -0.004x²+0.23x+25.94    r²=0.16        for  leaves
y= -0.04x²+2.45x+143.7        r²=0.48      for  ear
y= -0.02x²+1.56x+47.35        r²=0.50      for  stem
y= -0.009x²+0.52x+22.91      r²=0.72      for  leaves
y= -1.57x²+8.86x+70.96 r²=0.58          for kernels
y= -0.01x²+0.69x+23.13 r²=0.33          for cob
y= 0.031x+18.36 r²=0.32          for  husks
y= -0.04x²+2.63x+113.93 r²=0.34     for  kernels
y= -0.003x²+0.15x+22.24      r²=0.31    for  cob
y= -0.007x²+0.36x+11.83      r²=0.90     for  husks
Figure 3 Effect of Zn rate supply (mg kg1) on total shoot dry weight and its partitioning to ear, stem, leaves, kernels, cob and husks in
ﬁeld (a, b and c) and in containers experiment (d, e and f). For each parameter, means with common letters were not signiﬁcantly different
according to the Student–Newman–Keuls test (at P 6 0.05). Vertical bars are standard deviation.
6 S. Drissi et al.was mainly ascribed to the decrease of kernels dry weight
which contributed to the total shoot dry weight by 53.5% in
ﬁeld and 42% in containers experiment.
3.10. Kernels yield compounds
Concerning the number of kernels per ear, the results showed
that even if no signiﬁcant effect of Zn supply was recorded in
ﬁeld experiment, this component was slightly enhanced by Zn
fertilization (Fig. 5a). However, the effect of Zn supply was
signiﬁcant under container conditions (Fig. 5d). Pollination
rate responded signiﬁcantly to Zn supply for both experiments.
Under different Zn rates, this component increased highly in
containers experiment (136.9%) than in ﬁeld experiment
(8.7%) compared to control (Fig. 5b and e). In addition,
Zn supply induced a signiﬁcant increase in the 1000 kernels
dry weight for both experiments. Zn supply of 5 andPlease cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
ditions. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi.o10 mg kg1 produced the highest increases of 39.4% and
261% in ﬁeld and containers experiments, respectively
(Fig. 5c and f).
4. Discussion
Based on this investigation, the Zn requirement to alleviate Zn
deﬁciency in silage corn grown on sandy soil was 5 mg kg1.
At this rate, symptoms of recovery (deﬁciency score = 1.5)
were observed around 4 weeks in ﬁeld and in container grown
plants (Fig. 1). This result agreed with the earlier ﬁnding of
Rungruang et al. (1978). Zn deﬁciency symptoms lasted until
maturity for control treatment in both experiments. But, they
endured 47 days in ﬁeld experiment with Zn supply of
1.5 mg kg1 and 60 days in containers experiment with Zn sup-
ply of 3 mg kg1. They might be attributable to a very low soil
Zn content (0.13 mg kg1). Furthermore, small soil volumeL.) to zinc fertilization on a sandy soil under ﬁeld and outdoor container con-
rg/10.1016/j.jssas.2015.05.002
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Figure 4 Effect of Zn rate supply (mg kg1) on ratio of leaves, stem and ear to total shoot dry matter, and on ratio of husks, cob and
kernels to ear dry matter in ﬁeld (a and b) and in containers (c and d) experiments. Vertical bars are standard deviation.
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Figure 5 Effect of Zn rate supply (mg kg1) on number of kernels, pollination rate and 1000 kernels dry weight in ﬁeld (a, b and c) and
in containers (d, e and f) experiments. For each parameter, means with common letters have no signiﬁcant differences according to the
Student–Newman–Keuls test (at P 6 0.05). Vertical bars are standard deviation.
Response of corn silage (Zea mays L.) to zinc fertilization 7available for a container plant (0.016 m3), which stands for
only 40% of that of ﬁeld trial, might highly reduce total avail-
able soil borne Zn. Similar results were reported by NyakiPlease cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
ditions. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi.oet al. (1982). The decline of Zn deﬁciency symptoms with Zn
soil supply may especially be linked to the increase of its
uptake by corn. In this regard and based on a studyL.) to zinc fertilization on a sandy soil under ﬁeld and outdoor container con-
rg/10.1016/j.jssas.2015.05.002
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Figure 6 Ratios of Zn corn responses in containers to that in
ﬁeld experiments for main growth parameters and kernels yield
compounds.
8 S. Drissi et al.undertaken in this sandy soil, Zn soil supply of 5 mg kg1
enhanced shoot Zn content at harvest from deﬁcient level
(15 mg kg1) to adequate level of 31.6 mg kg1 (Drissi et al.,
2015b). Also, a similar result was reported by Cakmak et al.
(2010) on wheat and by Kaya and Higgs (2002) on tomato.
On the other hand, Zn supply resulted in stem height increase
in ﬁeld and container grown plants. In this context, Balal et al.
(1998) reported a growth stunting of radish plant grown in Zn
deﬁcient medium. Stem stretching due to Zn fertilization
involves some growth hormones such as Indole Acetic Acid
(IAA) and Gibberellic Acid (GA) (Cakmak et al., 1988;
Balal et al., 1998; Sekimoto et al., 1997). Synchronization of
stem height reduction and the appearance of Zn deﬁciency
symptoms on control and under low Zn rates (1.5 and
3 mg kg1) supported the role of Zn in mediating metabolic
processes involved in the regulation of maize plant height. In
addition to Zn effect, the signiﬁcant increase in stem height
of ﬁeld grown plants could be attributed also to mutual
shading.
Maize leaf area, another growth parameter, was enhanced
by Zn fertilization in ﬁeld and containers experiments. The
same results were reported by Khan et al. (2008) on wheat
and Chaab et al. (2011) on maize. The effect of Zn on GA
and IAA, as growth regulators, might be involved in this pro-
cess as reported by Sekimoto (1997). Although intermediate
layer leaves (L2) of ﬁeld grown plants had lower leaf area than
those of the container grown maize, total leaf area of ﬁeld
plants was larger. Advantage of ﬁeld grown plants on those
grown in containers was especially linked to the large soil
volume mentioned above. On the other hand, Zn deﬁciency
induced a notable delay in achieving anthesis, silking and
pollination stages in ﬁeld grown plants as well as container
grown plants. This ﬁnding conﬁrmed results of Sharma et al.
(1990) who stated that Zn deﬁciency delayed the development
of anthers and tassels. The low kernel moisture content
recorded with Zn supply of 50 mg kg1 was attributed to the
enhancement of maturity. This latter was mainly linked to
the quick achievement of anthesis and other pollination stages
compared to control. Thus, Zn supply tends to hasten kernels
maturity and thereby the time of harvest. Similar results were
reported by Hansch and Mendel (2009). Zn fertilization not
only hastened maturity but also enhanced fresh weight which
is related in our case to silage yield. These results agreed with
those of Van Biljon et al. (2010), Wang and Jin (2007),
Potarzycki and Grzebisz (2009). In ﬁeld experiment, optimal
shoot dry weight was recorded with Zn supply of 5 mg kg1,
which is equivalent to an application of 93 kg ha1 of
ZnSO4Æ7H2O. But, in containers experiment we needed to
supply 10 mg kg1 rather than 5 mg kg1. Shoot dry weight
reduction under Zn deﬁciency might be attributed to a net
photosynthesis decline (Hansch and Mendel, 2009) due to
the inactivation of the carbonic anhydrase enzyme (Sasaki
et al., 1998) and chlorophyll synthesis (Cakmak and
Marshner, 1993). For both experiments, dry matter partition-
ing analysis revealed that Zn deﬁciency affected mainly kernels
dry weight. This latter was mainly linked to two compounds:
1000 kernels dry weight and pollination rate. Similar results
were reported under Zn foliar spray (Drissi et al., 2015a).
Under Zn deﬁciency, the 1000 kernels dry weight decline can
be explained by the photosynthesis decline mentioned above
while the decrease in the pollination rate could be attributed
to male sterility (Sharma et al., 1990). Hence, Zn fertilizationPlease cite this article in press as: Drissi, S. et al., Response of corn silage (Zea mays
ditions. Journal of the Saudi Society of Agricultural Sciences (2015), http://dx.doi.omight enhance silage quality through the increase of its content
on kernels.
On the other hand, a clear decline trend of shoot dry weight
was noticed with Zn supply higher than 5 mg kg1 under ﬁeld
and higher than 10 mg kg1 under containers experiment while
no toxicity symptoms have been observed on corn. These
results are in line with the earlier ﬁnding of Takkar and
Mann (1978). They demonstrated that shoot dry weight of con-
tainer grown corn decreased under soil Zn content higher than
11 mg kg1 (DTPA extraction), despite the absence of toxicity
symptoms on plants. Also, such decline may also be attributed
to a disruption in plant mineral content due to antagonism
between Zn and other nutrients (Drissi et al., 2015a).
Plants grown under ﬁeld and outdoor container conditions
showed similar trends in responses to Zn supply. As shown in
Fig. 6, all Zn rates, except control plants, had response ratios
of containers grown plants to those of ﬁeld around 1 for all
measured parameters. Therefore, the containers experiment
results, with the aforesaid dimensions, can be used to predict
ﬁeld grown maize responses to Zn fertilization on sandy soil.
However, caution must be taken with deﬁcient Zn rates that
affected harshly container grown plants more than ﬁeld grown
plants.
5. Conclusions
Results of this study indicated that Zn fertilization is a crucial
technique for improving corn silage yield on a sandy soil, nat-
urally poor in Zn. The highest yielding in ﬁeld experiment was
recorded with a Zn soil supply of 5 mg kg1 as ZnSO4Æ7H2O
(93 kg ha1). Moreover, Zn supply enhances silage quality
through the increase of kernels dry matter contribution in its
content. Zn deﬁciency symptoms, without a Zn supply, mani-
fested more in container than in ﬁeld conditions. However,
both experiments had the same trend in responses to Zn soil
supply.
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